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Kandasamy,  S.  B.,  Hunt,  W.  A.,  and  Harris,  A.  H.  Role 
ofNeurotensin  in  Radiation-Induced  Hypothermia  in  Rats.  Ra- 
diat.  Res.  126, 218-222  (1991). 

The  role  of  neurotensin  in  raOiation-induced  hypothermia 
was  examined.  Intracerebroventricular  (ICV)  adminktration  of 
neurotensin  produced  dose-dependent  hypothermia.  Histamine 
appears  to  mediate  neurotensin-induced  hypothermia  because 
t^  mast  cell  stabilizer  disodium  cromogl^te  and  antihista¬ 
mines  blocked  the  hypothermic  effects  of  neurotensin.  An  ICV 
pretreatment  with  neurotensin  antibody  attenuated  neuroten¬ 
sin-induced  hypothermia,  but  did  not  attenuate  radiation-in¬ 
duced  hypothmnia,  suggesting  that  radiation-indoced  hypother¬ 
mia  was  not  mediated  by  neurotensin.  OI*tl  AcaRnakPN«.l«c. 


INTRODUCTION 

Exposiune  to  ionizing  tadiation  causes  changes  in  core 
body  temperature.  This  effect  depends  partly  upon  the  qte- 
des  of  aciinal  with  hyperthermia  ocatrring  in  cats,  rabijits 
(/),  and  humans  (2),  and  a  h'phasic  tcqxtnse  (i.e.,  a  fall  in 
temperature  followed  by  a  rise)  in  monkeys  (i).  In  rats,  the 
direction  of  the  temperature  diange  is  dose  dependent  with 
hyperthermia  occurring  when  radiation  doses  are  less  than 
IS  Gy  and  bypothermia  oanitring  when  doses  are  greater 
than  20  Gy.  In  rats,  the  temperature  re^nse  appears  to  be 
centrally  mediated  b^use  irradiation  of  the  head  alone 
causes  these  effects,  while  irradiation  of  the  tmnk  only  does 
not  {4. 5). 

Thediemical  mediators  identified  thus  for  include  prosta¬ 
glandins  (5)  and  histamine  (5),  while  serotonin  has  been 
st.'own  not  to  be  involved  {4).  It  is  not  known  if  histamine 
release  is  a  immary  response  to  irradiation  or  secondary  to 
the  release  of  other  substances,  such  a$  neurotensin,  Ubn- 
ated  in  the  cascade  of  events  following  radiation  injury. 

Neurotensin,  an  endogenous  trideaytqHide  found  in  the 
central  nervous  system,  particularly  in  hypothalamus,  cau¬ 
date  nucleus,  globus  ptdlidus,  putamen,  nucleus  accum- 
bens  and  amygdala  (6-9),  and  gastrointestinal  tract  (10), 
acts  8$  a  neurotransmitter  or  a  neuromodulator  (//).  Spe¬ 
cific  neurotensin  binding  sites  have  been  identified  in  the 
midbrain  (6, 12),  and  interactions  between  neurotensin  and 


dopamine  have  been  shown  (13).  Central  administration  of 
neurotensin  produces  a  variety  of  behavioral  and  physiolog¬ 
ical  effects,  iitcluding  the  stimulation  of  histamine  release 
(14).  One  of  the  more  potent  effects  of  neurotensin  is  the 
induction  of  hypothermia  after  intracistemal  ur  intraven¬ 
tricular  administration  ( 15-1 7).  The  purposes  of  this  study 
were  to  investigate  the  role  of  neurotensin  in  radiation-in¬ 
duced  hypothermia  and  to  elucidate  the  mechanisms  in¬ 
volved  in  neurotensn-induced  hypothermia. 

METHODS 

On^.  Tbe  drugs  used  were  neurotensin  (Sigma  Chemical  Co..  Sl 
Louis,  MOL  ncurotensitt  antibody  (Accurate  Chemical  and  Scientific  Cdr- 
pontkm.  Westbury.  NY),  daodiutn  cromogiycate  (Fisoos  Corpoiation, 
Bedfoixl,  MA),  mepyramine  maleate  (MaUincicrodt  Inc.,  St  Louis,  MOL 
dmet^ine  (Smith  lUine  and  Ftench  Latiotaloiy,  Philadetphia,  PAL  keta¬ 
mine  hydrodiiotidetPatice-Davis,  Detroit  MIL  xytazinefHaycr  Lockhart 
Shawnee,  KSL  and  acepromazioe  (Ayetst  LabotHodcs,  NY).  Nmuoten- 
sin,  neurotensin  antibo^,  mepyramine.  and  disodium  cromogiycate  intK 
dissolved  in  sterile,  nonpyrogesic  saline.  Gmtiidine  was  disaolved  in  0. 1 
ml  of  I  N  HO  and  dilotd  to  the  fioal  volume  with  saline. 

inimals.  Male  Spcague-Dawley  CrL-CD(SD)BRD  ratt  (Charles  River 
Breeding  L^nntcries,  Kingstoit  NY)  weighing  200-300  g  were  used  in 
these  experiments.  were  quarandtmd  on  arrivai  and  screened  for  evt 

deno''  of  disease  by  retoioo'  and  histepathoiogy.  The  rats  wem  boused 
individually  in  poiycaibooate  isolator  cages  (Lab  Products,  Maywood,  NJ) 
oa  autoclaved  hardwcod  contact  bedding  (Beta  Chip,  Northeastern  Prod¬ 
ucts  Corp..  Warrensburg.  NYL  and  were  provided  commetdal  rodent 
chow  (Wayne  Rodent  Blok,  Contmental  Grain  CO Chicago,  IL)  and  acidi¬ 
fied  water  (pH  2.5  using  HQ)  od/tfrinm  Animal  holding  looms  were  kept 
at  21  ±  1*C  with  50  ±  10%  teiaiive  humidity  on  a  12-h  ligbl/dark  cyde 
with  no  twili^t 

Radiation  exposure.  Rats  were  piaoed  in  dear  plastic  weB-vcntilated 
containers  for  approximately  5  min  befim  irradiation  or  sham  exposure, 
'the  antmali  were  then  expo^  bib  teially  to  T  rays  using  a  source  at  a 

rate  of  20  Gy/mip  to  a  total  dose  of  50  Gy.  Prior  to  the  experiment,  tbe 
dose  rate  at  the  mVlIine  of  -m  acrylic  ra.  ^Aanrnm  was  memired  using  a 
0.5-cc  tissue.equivalent  ionization  chamber  manufoctured  by  Exradin, 
Inc.  The  dose  rate  at  the  same  location  with  tbe  phantom  removed  was 
mesBured  using  a  50-cc  ionizatioa  dumber  fidiricated  at  AFRRl.  Tbe 
ratio  of  these  two  doK  rates,  the  tissue-air  ratio,  was  used  to  determine  tbe 
doses  for  aniraab  receiving  routine  experimental  exposures,  in  thb  experi¬ 
ment,  the  tisxue-air  ratio  was  0.93.  All  ionizatioa  chambers  have  cafibta- 
tioD  fimtors  traceable  to  tbe  National  Institute  for  Standards  and  Technol¬ 
ogy.  Dosiuistry  measurements  were  perfonned  following  the  AA^  Task 
Group  21  Protocol  for  the  Detenninatioix  of  the  Absorbed  Dose  from 
High-Energy  Pboum  and  Electron  Beams  (IS). 
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FIG.  I.  Changes  in  rectal  tempeiature  of  rats  induced  by  intraccrebro- 
s-cn'ricular  (ICV)  injection  of  neurotensin  (NT);  I  $ti  (O),  3  /tg  (■).  5  Mg 
(A).  10  Mg  (A).  20  Mg  (□).  and  saline  (•).  Each  point  represents  the  mean 
±  SE  of  observations  of  five  animals.  Zero  on  the  ordinate  represents  the 
temperature  at  the  time  of  injection. 


Central  administrathm  ef  drugs.  Rats  v«re  anesthetized  with  I  mlAs 
of  a  mixture  of  ketamine  (SO  mg/kg),  xylazine  (S  mg/kg),  and  aceptotna- 
zine  ( I  ml/kg)  given  intramuscularly,  and  were  placed  in  a  rat  stereotaxic 
apparatus  iDavid  Kopf  Instruments.  No.  320).  A  sii^  cannula  was  in¬ 
serted  aseptkally  into  the  bteral  ventricle  according  to  coordinates  derived 
from  the  atlas  of  Pelligrino  etal.{l9y.(i.imm  posMior  to  bregma,  2.S  mm 
lateral.  TTie  can.rula  was  lowered  until  cerebr^nal  fluid  rose  in  the  can¬ 
nula.  Dental  acrylic  was  used  to  secure  the  cnutiula.  Animals  were  allowed 
to  recover  for  1  wedc  before  they  were  used 'o.  experiments.  After  the  end 
of  an  experiment,  injection  sites  were  verified  histclogically.  Injections  atul 
irradiations  were  performed  at  the  same  time  of  day  (0900)  to  avoid  diur¬ 
nal  variations  in  temperature.  The  antagonists  (neurotensin  antibody,  di- 
sodium  cromoglycate.  mepyramine.  and  cimetidine)  were  given  30  min 
before  the  radiation  and  rteurotensin  were  administered. 

Measurement  body  temperature.  All  experiments  were  performed  at 
a  room  temperature  of  22  ±  I  *C.  The  aninuds  were  placed  in  restraining 
cages  I  h  before  starting  the  experiments,  and  body  temperature  was  mea¬ 
sured  every  IS  min  for  2  h  with  thermistor  probes  (YSI  series  700.  Ydlow 
Springs  Co..  Inc..  Yellow  Sprii^  OH)  inserted  approximately  6  cm  into 
the  tectum  and  connected  to  a  datalogger  (Minitrend  20S).  After  each 
experintcnt.  all  animals  were  killed  immediatdy  with  an  overdose  of  car¬ 
bon  dioxide  by  inhalation. 

Statistics.  Statisticalevaluationswersperfornmlusinganalysisofvati- 
ance  with  a  significance  levd  of  F  <  O.OS.  Intergroup  comparisons  were 
made  using  Tukey’s  test  (20). 


RESULTS 

An  ICV  administration  of  1-20  m  of  neurotensin  in¬ 
duced  hypothermia  in  a  dose-dependent  manner  (Fig.  1). 
An  ICV  pretreatment  with  0.25- 1 .0  mg  of  neurotensin  an¬ 
tibody  attenuated  the  hypothermia  induced  by  ICV  admin¬ 


istration  of  S  pg  of  neurotensin,  but  did  not  reduce  the  hypo¬ 
thermia  produced  by  50  Gy  of  ionizing  radiation  (Fig.  2). 
Fgure  2  also  shows  that  administration  of  neurotensin  an¬ 
tibody  alone  had  no  effect  on  body  temperature.  An  ICV 
administration  of  the  mast  cell  stabilizer  disodium  cromo¬ 
glycate  did  not  change  the  body  temperature  of  control  ani¬ 
mals  but  did  block,  in  a  dose-dependent  manner,  the  hypo¬ 
thermia  produced  by  the  ICV  injection  of  5  jrg  neurotensin 
(Fg.  3).  Mepyramine  and  cimetidine  are  specific  H,  and  H2 
receptor  antagonists,  respectively  (21).  Mepyramine  (100- 
300  ng,  ICV)  or  cimetidine  ( 100-300  ng,  ICV)  was  adminis¬ 
tered  before  neurotensin  to  examine  the  role  of  histaminer- 
gic  H,  and  H2  receptors  in  neurotensin-induced  hypother¬ 
mia.  Previous  studies  (4.  5)  indicate  that  the  same  doses  af 
mepyramine  and  cimetidine  are  qiecific  H|  and  H2  recep¬ 
tor  antagonists,  respectively,  and  did  not  change  the  body 
temperature  in  control  animals.  Both  mepyramine  and  d- 
metidine,  which  are  found  to  antagonize  histamine-m- 
duced  hypothermia  (4.  5)  attenuated  neurotensin-induced 
hypothermia  (Rg.  4). 


DISCUSSION 

Ionizing  radiation  induces  either  hyperthermia  or  hypo¬ 
thermia  depending  upon  the  dose;  temperature  changes  ap¬ 
pear  to  be  centrally  mediated  (4.  5).  Histamine  has  been 
implicated  in  the  actions  of  ionizing  radiation,  including 
hypotension,  reduced  cerebral  blood  flow,  and  perfor¬ 
mance  decrement  (22).  Furthermore,  concentrations  of  his¬ 
tamine  in  circulating  blood  have  been  elevated  in  humans 
undergoing  radiation  therapy  (23)  as  well  as  in  dogs  and 
monkeys  (24-26)  following  radiation  exposure.  Histamine 
is  present  in  a  high  concentration  in  the  hypothalamus  (27. 
28).  and  is  localized  in  nerve  terminals  (29).  suggesting  that 
it  may  act  as  a  central  neuroiransmitter.  Also,  histamine  is 
involved  in  many  physiological  functions,  including  ther- 
moregulrtion,  and  could  underlie  radiation-induced  hypo¬ 
thermia  (4.  5.  30i. 

Histamine  is  stored  in  mast  cells  throughout  the  body 
(31).  including  the  brain  (32. 33).  and  neurotensin  has  been 
used  to  stimulate  histamine  release  (34-38).  When  injected 
into  the  lateral  cerebral  ventricle,  neurotensin  induced  a 
dose-dependent  hypothermia  in  rats  and  mice  (15-17). 
confirming  previous  results.  Neurotensin  is  contained  in 
the  normal  cerebroqiinal  fluid  (39, 40).  and  may  play  a  role 
in  thermoregulation,  because  central  administration  of 
neurotensin  decreases  colonic  temperature  in  rodents  (75- 
17).  but  is  ineffective  following  peripheral  administration 
(15).  In  addition.  Muraki  et  al.  (41)  reported  a  decrease  in 
the  level  of  neurotensin-like  immunoreactivity  in  the  cere¬ 
brospinal  fluid  of  children  with  febrile  aseptic  meningitis. 
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HG.  2.  Effect  of  neurotensin  antibcdy  ( NT-AB).  ICV.  on  NT-or  radiation-induced  hypothermia.  (A)  Nonirradiatcd  controls  given  25  >ig  (O).  SO  pg 
(A),  or  100figONT-AB:(B)S|igofhT  atone  (•form  the  presence  of  25  iig(0).  SO^gfAKor  100  Mg  (□)  NT-AB:  (C).50Gy  irradiation  alonef*)  or  in 
the  presence  of  25  Mg  (O).  50  Mg  (A),  or  100  Mg  (□)  NT-AB.  Each  point  reprcse-  ti  the  mean  ±  SE  of  observations  of  five  animals.  Zero  on  the  ordinate 
represents  the  temperature  at  the  time  of  second  injection. 


suggesting  an  important  role  for  neurotensin  in  thermoregu¬ 
lation. 

Disodium  cromoglycate  is  a  potent  inhibitor  of  the  im¬ 
munological  release  of  chemical  mediators  secreted  from 


FIG.  3.  Effect  of  disodium  cromoglycate  (DSCG).  ICV.  on  NT-in- 
duccd  hypothermia.  The  5  Mg  of  NT  alone  (•)  or  in  the  presence  of  100  ng 
(O).  300  ng(A).or  500  ng(0)  DSCG.  Each  point  represents  the  mean  ±  SE 
of  observations  of  five  animals.  Zero  on  the  ordinate  represents  the  temper¬ 
ature  at  the  time  of  second  injection. 


mast  cells  (21).  It  has  been  reported  that  neurotensin  stimu¬ 
lates  the  release  of  histamine  in  vivo  (37.  JS.  42),  and  pre¬ 
treatment  with  disodium  cromoglycate  iiihibits  the  neuro¬ 
tensin-induced  release  of  histamine  (34,  36.  37,  43).  The 
attenuation  of  ncurotensin-induced  hypothermia  by  diso¬ 
dium  cromoglycate  and  histamine  H,  and  receptor  an¬ 
tagonists  in  this  study  suggests  that  neurotensin-induced 
hypothermia  was  mediated  by  histamine. 

There  are  no  specific  antagonists  available  to  antagonize 
neurotensin-induced  hypothermia;  therefore,  qyecific  anti¬ 
bodies  to  neurotensin  were  used  to  eliminate  endogenous 
neurotensin,  because  they  would  bind  and  inactivate  the 
neuropeptide  (43-45).  Researchers  have  reported  that  the 
centrally  administered  neurotensin  antibody  inhibits  neu¬ 
rotensin-induced  nociception  and  hypothermia  (44. 45).  In 
our  experiments,  pretreatment  with  neurotensin  antibody 
attenuated  neurotensin-induced  hypothermia,  but  had  no 
inhibitory  effect  on  radiation-induced  hypothermia,  sug¬ 
gesting  that  neurotensin  may  not  be  involved  in  radiation- 
induced  hypothermia.  Although  Cockerham  et  ai  (46) 
found  a  nonsignificant  increase  in  plasma  neurotensin  lev¬ 
els  following  exposure  to  ionizing  r^iation,  because  neuro¬ 
tensin  is  d^raded  rapidly,  they  think  tissue  levels  might  be 
significantly  increased,  causing  the  release  of  histamine 
from  mast  cells  (46).  In  our  study,  pretreatment  with  neuro¬ 
tensin  antibody,  which  attenuated  neurotertsin-induced  hy¬ 
pothermia,  did  not  reduce  radiation-induced  hypothermia. 
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no.  4.  Effect  of  mep>T3mine  (MEPYR).  ICV.  or  cimetidine  (CIMET).  ICV.  on  NT-induced  hypothermia.  (A)  5  /ig  of  NT  alone  (•)  or  in  the 
presence  of  100  ng  (O)  or  300  ng  (A)  mepyramine.  (B)  S  «ig  of  NT  alone  (•)  or  in  the  presence  of  100  ng  (O)  or  300  ng  (A)  cimetidine.  Each  point 
represents  the  mean  ±  SE  of  obsersations  of  fise  animals.  Zero  on  the  ordinate  represents  the  temperature  at  the  time  of  second  injection. 


Although  neurotensin-induced  hypothermia  is  mediated 
by  histamine,  we  could  not  determine  if  radiation-induced 
hypothermia  is  mediated  by  endogenous  neurotensin. 

Received:  April  26. 1990:  ACCErrEo:  December  13. 1990 
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